Studies in Europe [1], India [3] and America [4] have shown that birth weight and weight at 1 year of age correlate with glucose tolerance. Thus, factors affecting birth weight and infant growth such as fetal and neonatal nutrition, seem to play a part in the aetiology of glucose intolerance and Type II (non-insulin-dependent) diabetes mellitus.
Summary A number of studies have shown that glucose tolerance falls with decreasing birth weight and that people with low birth weight and high body mass index (BMI) as adults are those at greatest risk of developing Type II (non-insulin-dependent) diabetes mellitus. No such studies have been carried out in African populations. Therefore we investigated the relation between glucose tolerance and birth weight in a group of 7-year-old black South Africans for whom longitudinal anthropometric data were available. Oral glucose tolerance tests (OGTTs) were carried out on 152 subjects and inverse correlations were found between birth weight and the total amount of insulin secreted during the first 30 min (r = ±0.19, p = 0.04) and last 90 min (r = ±0.19, p = 0.04) of the oral glucose tolerance test and also between birth weight and the 30 min glucose concentrations (r = ±0.20, p = 0.02). Children born with low birth weights but who had high weights at 7 years had higher insulin concentrations and indices of obesity compared with those with low birth weights and low weights at 7 years. There were also positive correlations between weight velocity and BMI (r = 0.24, p = 0.02) and weight velocity and insulin resistance (r = 0.18, p = 0.04) as measured using homeostasis model assessment (HOMA). Thus, low birth weight in conjunction with rapid childhood gains in weight especially as subcutaneous fat, produces poor glucose tolerance in 7-year-old children and can make them susceptible to the development of Type II diabetes later in life. [Diabetologia (1998) 41: 1163±1167] Keywords Insulin, glucose, birth weight, weight velocity, insulin resistance. world standards [6] . This is the case in South Africa, where rural black populations are becoming increasingly urbanised [7] . In addition intra-uterine growth retardation is more common within the black population compared with that in the white [8] . According to the thrifty phenotype hypothesis this combination of factors should cause demonstrable changes in carbohydrate metabolism which could make this ethnic group more susceptible to Type II diabetes as adults.
We therefore studied the link between birth weight, growth rate and particular anthropometric indices and glucose tolerance in 7-year-old black South Africans.
Subjects and methods
This study was approved by the University of the Witwatersrand Committee for Research on Human Subjects (Medical) and the parents gave informed consent for their children to participate in the study.
The ªBirth to Tenº study group contains 4029 participants [9] . A pure longitudinal cohort was selected from this group using the criteria of full-term birth, complete data for birth weight and weight and height at 1 and 5 years of age and black South African ethnicity. Of 468 subjects a statistically and logistically appropriate sample, in terms of size and representativeness, of 240 (1:1, boys:girls) subjects were randomly selected and field workers visited each of the chosen families to provide information about the study and to request participation.
The children were fasted for at least 10 h before the oral glucose tolerance test (OGTT). They were weighed and their heights measured. An anaesthetic cream was applied to the site of the decubitus vein and 30 min later a cannula was inserted. A fasting blood sample was taken and 1.75 g × kg ±1 of glucose given to each child orally in the form of a Lucozade drink. Further blood samples were taken 30 and 120 min after the glucose load. Blood samples were immediately centrifuged and glucose concentrations measured on a Hitachi 717 autoanalyser using a glucose oxidase assay (Boehringer Mannheim, Mannheim, Germany). Serum samples for insulin were stored at ±70°C until assayed using an insulin-specific immuno-enzymetric assay (Medgenix, Fleurus, Belgium).
The sum of insulin concentrations during the course of the OGTT were calculated by integrating the 0, 30 and 120 min time points. The sum of insulin concentrations during the first 30 min and during the last 90 min of the OGTT was calculated by integration of the fasting and 30 min, and 30 and 120 min values respectively. Insulin resistance was calculated using the homeostasis model assessment (HOMA) [10] .
Weight at birth and height, weight and subscapular and tricep skinfold thicknesses at the ages of 1, 2, 4 and 5 years, and height and weight at 7 years of age as measured by standard procedures [11] were used in the current analysis.
Statistical analysis. The insulin data were skewed and were therefore logged prior to analysis. Pearson correlation and multiple regression analyses were carried out on the data.
Results
Of the 240 subjects who were asked to take part in the study 164 agreed to participate (68 %) of whom 152 (79 boys, 73 girls) gave one or more blood samples. The sub-sample was not significantly different from the parent cohort of 4029 subjects for any of the morphological characteristics being studied. Males and females were similar for all anthropometric measurements or derived indices except for height at 1 year of age when males were longer (74.5 ± 3.0 cm vs 72.7 ± 3.0 cm, p = 0.001).
Correcting for weight at 7 there was a negative correlation between birth weight and the integrated level of insulin during the first 30 min as well as during the last 90 min of the OGTT (r = ±0.19, p = 0.043 and r = ±0.19, p = 0.037 respectively). There was an inverse correlation between the 30 min glucose concentration and birth weight (Table 1) and, using multiple regression analysis, this remained significant following correction for weight at 7 years.
Height but not weight at 1 and 7 years of age (and height at 4 and 5 years of age) were inversely related to the 30 min glucose concentrations (Table 1) and remained so after correction for weight. All the height correlations with 30 min glucose levels were very similar.
At 7 years of age BMI correlated with the 30 and 120 min but not with the fasting insulin concentration (Table 1 ). Weight at 7 years also correlated with the 30 min (r = 0.41, p < 0.0001) and 120 min (r = 0.30, p = 0.002) insulin concentrations but height at 7 years did not. Both BMI and weight (r = 0.18, p = 0.04) at the age of 7 years correlated with insulin resistance as assessed by HOMA when corrected for age and sex in a multiple regression analysis, but height did not.
Obesity as measured by skinfold thickness at the age of 5 years correlated with the 30 min and 120 min insulin concentrations and with that of the 30 min glucose (Table 1) .
Weight velocity (kg gained per year) between birth and 7 years of age correlated with HOMA when age and sex were included as independent variables in the multiple regression analysis (and also with 30 min and 120 min insulin concentrations [ Table 1] ). Weight velocities between the ages of 1 and 4, 4 and 5 and 5 and 7 years showed very similar correlations to those for weight velocity between birth and 7 years with the 30 min and 120 min insulin concentrations. Weight velocity between birth and 7 years also correlated with subscapular (r = 0.23, p = 0.004) and triceps (r = 0.35, p < 0.0001) skinfold thickness at age 5 years and with BMI at age 7 years (r = 0.90, p < 0.0001). None of the weight velocities significantly correlated with the glucose concentrations.
Weight tracking refers to the maintenance of a subject's weight within the same centile range over the period of study [12] . Two groups were created according to the tracking characteristics of weight from birth to 7 years (Table 2 ). Group 1 subjects are those whose birth weight and weight at 7 years are both in the lower 2 quartiles and Group 2 subjects have birth weight in the lower 2 quartiles and weight at 7 years in the upper 2 quartiles. Group 1 subjects had blood glucose concentrations which were not different from Group 2 subjects. The second group, however, had higher insulin concentrations, the 120 min insulin being statistically significantly higher. The group 2 subjects also had higher BMIs at 7 years of age and larger triceps and subscapular skinfold thicknesses at the age of 5 years than the group 1 subjects (Table 2) .
Discussion
These data confirm results from other studies showing that glucose and insulin concentrations, in response to an oral glucose load, increase with declining birth weight [1, 3] showing that poor fetal growth can lead to insulin resistance later in life.
Catch-up and catch-down growth in response to low or high birth weights [13] are complete within the first 18 months of life and are unlikely to be a major factor in terms of growth over the first 7 years. Usually catch-up growth is characterised by slower growth velocity as the appropriate genetically-imprinted growth pathway is reached and the children begin to track. Children demonstrating the poorest glucose tolerance, however, have the greatest weight velocity which suggests that the programmed weight will be exceeded and eventually lead to obesity. The association between weight velocity between birth and 7 years of age and measures of subcutaneous fat and BMI were all significant by 5 years of age. Weight velocity also correlated with insulin resistance as assessed using HOMA [10] . Thus over-rapid weight gain can identify the child at risk of developing Type II diabetes later in life. This is further emphasised by Table 2 . Anthropometric measurements and insulin concentrations in low birth weight, low weight at age 7 years subjects (group 1) and low birth weight, high weight at age 7 years subjects (group 2) the positive correlations between: skinfold thickness and plasma glucose and insulin concentrations; BMI and insulin concentrations and HOMA (Table 1) , and from data showing that subjects who become obese during childhood are more likely to be obese as adults [14] . These people have a higher risk of developing Type II diabetes, obesity being strongly linked to the development of insulin resistance [15] . Furthermore, glucose and insulin concentrations at the age of 7 years correlate negatively with birth weight and positively with indices of obesity. Thus low birth weight in combination with obesity will produce poor glucose tolerance as shown in this study ( Table 2 ). Height, independent of weight is inversely related to glucose tolerance as reported by previous investigators [16] . Height at 7 years of age correlated with birth weight (r = 0.34, p < 0.0001) and therefore the inverse association between height and glucose tolerance may again reflect poor fetal or neonatal nutrition since it is known that height is strongly influenced by events occurring in utero during early childhood [17] . Height shows a negative correlation with the 30 min glucose concentrations at all ages (1, 4. 5 and 7 years) studied. A stepwise, backward multiple regression analysis to control for co-linearity shows, however, that current height (height at 7 years) remains the only significant body size relationship (r = ±0.27, p = 0.005). Naturally, current height incorporates the body size information from earlier heights and the negative relationship highlights the association of glucose intolerance with reduced height and therefore with stunting. Previous analyses have found that the prevalence of stunting in the population from which this sample was drawn has risen to 20 % by 2 years of age [18] . This relatively high prevalence could indicate that this population is prone to a subsequently high incidence of Type II diabetes later in life. The prevalence of Type II diabetes within the black community is 5±6 % and has increased over the past 20 years [19] .
In summary, we show that children who could be at greatest risk of developing Type II diabetes are those who have low birth weights and subsequently gain weight rapidly between birth and 7 years. This is perhaps a result of poor nutrition in utero producing fetal biochemical adaptations which are then unsuited to an environment in which nutrition is greatly increased. These subjects have a tendency to be more insulin resistant possibly due to the combined effects of the fetal adaptations and increased adiposity during infancy. Furthermore, the high levels of both obesity [20] and intra-uterine growth retardation [8] within the black South African population may make this ethnic group particularly at risk of developing a high incidence of Type II diabetes in the future. Fetal and infant nutrition have an important influence on childhood glucose tolerance and future research must therefore be directed toward identifying the dietary factors that influence glucose tolerance and if and how these factors can be used to reduce the incidence of Type II diabetes.
